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Studies  have been i n i t i a t e d  on Nii emission produced frm XH3 

and N H by vacuum u l t r a v i o l e t  photolysis. Strong cometary implications 

for t h e  presence of N2H4 as a source of NH has been obtained, 
2 4  

Experiments have continued with t h e  vacuum u l t r a v i o l e t  pho to lys i s  

of W3 + CH and H20 * CH 

f o r  production of C2% have been made, 

for CH4+ xH20 system a t  -195OC and 25OC have been ca r r i ed  out  and ana lys i s  

of products shows t h a t  i n  addi t ion  t o  expected products, CO2 is produced 

For t h e m  systems quantum y i e l d  measurements 

I n  addition, studies wi thX 4 as0  
4 4' 

by some unexplained mechanism. 

Electron bombardment experiments have a l s o  continued with t h e  

measurement of t h e  ha l f  l i f e  of t h e  exc i ted  H 2 0  molecule at  -19sOC. 

- .. 
started w i t h  t h e  ~ 3 . 6 ~ ~ 0  system and ccappounds not 

and found t o  be present are C 0 2  and CH COCH 

- - -  - - -  - - -  _ _  ~ - - ~ 

3 3' 
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1. NH EMESSION FROM NH3 AND N2H4 BY VACUUM ULTR4VIOLFT PHOTOLYSIS 

1.1 Int roduct ion  

There 'has been wide speculation on t h e  gaseoqs composition of 

Spec t r a l  information d i r e c t l y  r e l a t e d  t o  t h i s  problem has been 
4 

cometso 

obtained from t h e  l a r g e  number of free r a d i c a l s  t h a t  emit l i g h t  i n  t h e  

visible by a fluorescence mechanism. Direct information on t h e  nature 

of t h e  parent compounds i s  not  available but can be obtained i n  t h e  

l abora to ry  by vacuum u l t r a v i o l e t  photolysis a t  very low pressures. These 

experiments are expected t o  f i n d  molecules t h a t  w i l l  produce t h e ' f r e e .  

r a d i c a l s  of i n t e r e s t  by a simple photodissociation of t h e  molecule. 

During this qua r t e r  e+qm-i.ments have been ca r r i ed  out  for NH 

emission obtained from NH3 and R2H40 

N2H4 have been obtained. 

Strong cometary implications for  

- xe-s--5s - - - - - -_ - - - ~ -  - - - ~ - - 

Using. t h e  identical .  experimental s y s t e m  and procedure developed 

- 

f o r  studying C2 emission from f+H2 it has been found t h a t  when' bdrazine 

vapor at a pressure  of SOU Hg is photolyzed at  t h e  Kr resonance l i nes  

(U65X and 12368) an emission a t  33601 corresponding t o  t h e  t r a n s i t i o n  

"(37f) .-) "(X3Z') * hV330 

is  observed. A weaker emission i n  r e a o n  of 2 6 d  is a l s o  observed which . 

m u l d  be cons is ten t  wi th  t h e  t r a n s i t i o n  

1 NNd ' L +) __3 N H ( C ' W I  * hv2557 

Except f o r  OH emission a r i s i n g  from presence of water as an impurity i n  

t h e  hydrazine, no o the r  emissions are observed i n  t h e  reg ion  20001 t o  

7000~. Speci f ica l ly ,  t h e  NR(clV ) _I) "(a16 ) emission H t  324d i s  

1 
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3 absent i n  pure hydrazine. This system is observed i n  emission from I" 

at t h e  Kr resonance lines.' With continued photolysis  of hydrazine however, 

t h e  324d emission is observed and continue t o  increase  with time. 

also observed when hydrazine is used without pu r i f i ca t ion ,  

results suggest t h a t  t h e  NH(c%) emission v i s e s  from photo lys i s  of NH3 

formed as a product of N 9 4  photolysis  o r  present  as an impurity i n  t h e  

hydrazine , 

It i s  

Both of these 
i 

The emission spectrum from hydrazine has been recorded at  

pressures  from sp t o  1.3m Hg, 

emission occurred a t  ~OJI  Hg, 

The m u m  i n t e n s i t y  of t h e  3360x 

When hydrazine is  photolyzed at  t h e  Xe resonance l i n e  (14701 

and 129$), no emissions are observed i n  t h e  region 2000-7000~, 

1.3 Discussion 

Emission spec t r a  of and NH observed i n  comets has been 

general ly  a t t r i b u t e d  t o  d issoc ia t ion  of ammonia t o  form t h e  r ad ica l s  i n  

question, However, vacuum u l t r a v i o l e t  photolysis  of NH results in  

emission1 a t  324d 
3 

NH(cl'lf) ___) MI(alA * hv3240 

while t h e  cometary emission a t  33601 corresponds t o  

NH(A3#3 -) m(X3t - )  + h v 3 s 0  

M s s i o n  at  33601 from NH i n  t h e  comet by means of a fluorescence mechanism 

requi res  t h e  eventual presence of NH in t h e  ground (X3t ' )  state, The 
1 a1A ,-> X3L t r a n s i t i o n  i s  highly forbidden and any "(a ) would 

therefore  have a very long l i fe t ime.  Thus t h e  t r a n s i t i o n  clw-> alb 

1, -K. H. Becker and K.  H. Welgc, 2. Naturforsch. - 181, 600 (1963)e 

2 



3 3 should be observed i n  comets along with  t h e  A 

t h i s  i s  not observed,N$34 which leads t o  t h e  production of NH i n  t h e  

t r i p l e t  system appears t o  be more important for NH production i n  cometary 

atmospheres than  NH which leads t o  M i n  t h e  s i n g l e t  systemo 

,-) X t-, Since 

3 
Based on t h e  h e a t s  of formation given i n  table 1 and energies of 

t h e  states of IlH ahwe t h e  X32- ground state given i n  table 2, t h e  

energe t ics  of several p l aus ib l e  element- r eac t ions  have been c d c u l a t e d  

( t a b l e  3 ) e  

and 5) are ene rge t i ca l ly  poss ib l e  at  a l l  wavelengths employed. 

of NH(d'x') (4 and 7) i s  ene rge t i ca l ly  impossible a t  even t h e  sho r t e s t  

wavelength (11658 K r  l i n e )  used i n  t h e s e  experiments, 

i d e n t i f i c a t i o n  of t h e  emission i n  region of 26001 with production of 

NH( d lL+) is wrong o r  t h e  a c u l a t e d  0 H i s  i n  e r r o r  by at least 

32* kcaJ./mole, 

enable a choice t o  be made between t h e  two a l t e rna t ives .  Formation of 

NH(A3$) which leads  t o z t h e  observed emission at 33601 MY occur by 

reac t ion  3 o r  r eac t ion  6. 

hea ts  of formation, r e a c t i o n  6 i s  ene rge t i ca l ly  poss ib le  a% t h e  11658 

K r  l i n e  but not at t h e  12368 Kr l ine ,  t h e  occurrence of 6 r equ i r e s  t h a t  

i n s e r t i o n  of a CaF2 f i l t e r  (eliminating t h e  11651 l i n e  but t r ansmi t t i ng  

30% of t h e  12361 l i n e )  should completely eliminate t h e  33601 emission. 

The fact that t h e  emission is reduced by 30% under these  conditions may 

be taken as evidence t h a t  reac t ion  3 is  t h e  more important source of 

"(A3$) 

Reactions lead ing  t o  ground state NH and NH2 radicals(1, 2, 

Formation 

Thus e i t h e r  t h e  

No f u r t h e r  evidence i s  p resen t ly  ava i l ab le  at this time t o  

Since, according t o  t h e  available value f o r  

3 



Table 1 

Heats of Formation 

Molecule 

N2H4 

"3 
"(X3 Z') 
NH2 

H 

LH? (kcal/mole) 

-11 

22.7 

83 

u 
52 

Table 2 

Energies of S t a t e s  

S t a t e  

Table 3 

Energetics of ELementay Reactions 

kcal/mole 

0 

85 

228 

Wavelength B e l o w  
Which Process is 
Energet ical ly  
Possible 

4 
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PHOTOLYSIS OF NR3 + CH4 AND H20 + CH MIXTURES 4 2. 

2.1 Introduction 

These studies were initiated to develop (a) an understanding of 

free radical reactions that could occur in the nucleus of a comet, or in 

the gas phase immediate to the surface of the nucleus and (b) information 

concerning which intermediates a n d  stable molecules are important in a 

cometary nucleus. The present series of experiments will investigate a l l  

the radicals and reactions that can be produced from mixtures of CH 4 9  H2O 

and NH3 at 25OC and -19S0C. It has been possible t o  produce the OH and 

NH2 radical from H20 and NH3 respectively at 25OC with A) lJ.60g9 but with 

the shift in absorption at -195OC A <  1450 was required for dissociation 
of these molecules. 

Quantum yielcL measurements have been made for reactions of 

W2 + CH4 and OH + CH4 at 25OC for A) 14501. In addition, extensive 
experiments have been carried out at 25' and -195OC with CH4 + H 0 with 

A (1450. 

2.2 

2 

0 
Photolysis of NH3 and %O with CH4, A) 1450A 

The reactions that occur in these systems were discussed in the 

l a s t  report and are summarized as follows: 

3 OH + CH4 _e) H20 * CH 

(10) 

During this quarter the &anturn yield for ethane production was determined 

for both systems at the pressure of methane required for optimum production 

of ethane. The same experimental system and procedure described in the 

last report were used. 

5 



2.2.1 Results 

Since t h e  rate of ethane production decreases with time, rat& 

were  determined from i h i t i a l  slopes of ethane vs. photo lys i s  time p l o t s ,  

It was found t h a t  f o r  t h e  system H20-CH4, f = 0.6, and f o r  t h e  system 
C2I Ts 

m3-49 
2.2.2 

qC*% = 0.2. 

Dis cqssion 

These results suggest t h a t  i n  t h e  H20-CH4 system, only r eac t ions  

9 a n d 1 3 a r e  occurring. 

production i n  t h e  NH3-CH4 system indica tes  t h a t  i n  addi t ion  t o  t h e  occur- 

rence of r eac t ions  9 and10, NH2 r ad ica l s  are disappearing by combinatidn,. 

The low value for t h e  quantum y i e l d  f o r  ethane 

poss ib ly  t o  form hydrazine. 

No f u r t h e r  ana lys i s  of products has been made f o r  t h e s e  systems. 

2.3 Photolysis of C H ~  + H~O, A< ~ L S O ~  

Methane, water and ammonia have important cometary s ign i f i cance  

and any radical-molecule reac t ions  they  can undergo would have s t rong  

implications on cometary s t ruc ture .  The o r i g i n a l  experiments with (1450 

were t o  s tudy  t h e  NH2 and OH r ad ica l  from annonia and water respec t ive ly  

with t h e  methane molecule. 

was not poss ib l e  a t  -19S0C due t o  t h e  s h i f t  i n  absorption2 a t  lower 

This was successfu l  a t  room temperature bu t  

temperature, To init iate reaction, experiments were ca r r i ed  out with 

methane-water mixtures a t  -195OC using Kr lamps with  
0 

= 1165 and 123611. 

Under these  conditions both compounds are capable of absorbing t h e  

i n c i d e n t  photons which makes t h e  k ine t i c s  of t h e  r e a c t i o n  d i f f i c u l t  t o  

i n t e r p r e t  a 

6 



203.1 Results 

Since t h e  hydrate system CHh*6H20 has been proposed3 as a means 

of having a low vapor pressure  of CH 

t h e  photo lys i s  of t h i s  system has been studied f o r  free radical production 

and reaction. 

H2. 
increase  t h e  y i e l d  of products by increas ing  t h e  photolysis time, increas- 

i n g  t h e  s i z e  of t h e  depos i t  and varying t h e  mode of deposit ion where t h e  

sur face  was per iod ica l ly  renewed with a f r e s h  mixture of CHI, + 61120, 

These approaches were not  successful i n  increas ing  t h e  amounts of products 

or i n  changing t h e i r  d i s t r ibu t ion .  

when t h e  H20/CHb r a t i o  was varied. 

some gas phase work has been car r ied  out i n e l t i g a t i n g  t h e  effect of t h e  

a t  relatively high temperatures, 4 

The products obtained from this mixture are C02, C2%, and 

The amount. of products obtained was sn;lJ-l and e f f o r t s  were made to 

The d i s t r i b u t i o n  uas changed however 

To c o r r e l a t e  t h e  results at -195OC 
I 

r a t i o  and t h e  potential  fluorescence of a new molecule or fragment 

system. 

Photolysis of ~ ~ ~ ~ 6 ~ 2 0  and CH4'6D20 i n  t h e  s o l i d  results i n  the 

de tec t ion  of D2 and H2 respec t ive ly  i n  t h e  gas phase above t h e  so l id .  

Evidently, t h e  hydrogen is  being produced from t h e  methane and i s  d i f fus-  

i n g  out  of t h e  solid.  

t o  p u r i f y  t h e  s t a r t i n g  materials. 

on t h e  r a t i o  C02/C2H6 as a func t ion  of t h e  r a t i o  HzO/CHb and t hese  are 

presented i n  Table 4. 

func t ion  of t h e  r a t i o  of t h e  r eac t an t s  with i n t e r c e p t  a t  or ig in .  

Because o f t h e  unexpected C02, g r ea t  care was taken 

Consistent resGts have been obtained 

The r a t i o  of t h e  products w a s  found t o  be a l i n e a r  

3. D. H. Robey, Journal of t h e  B r i t i s h  In t e rp l ane ta ry  Society 1 7  205 - 9  
(1959-60) a 

7 



TABLE 4 

Ratio of Reactants 

1 2  

18 

72 

Ratio of Products 

C02/C2% 

0.4 t 0.1 

0.8 

1.2 t 0.1 
5.0 2 0.5 

I n  t h e  gas phase a t  2S0C, photo lys i s  of a mixture of 18mm H20 

and 3nnn CH4 i n  a r eac t ion  volume of approximately 300cc r e s u l t e d  i n  t h e  

formation of equal amounts of C02 and C2%. The amount of C02 and C& 

formed was about t e n  times t h a t  formed i n  same time for photo lys i s  of same 

amount of the  reactants deposited at  -196OC. I n  t h e  photo lys i s  of 18m 

H20 wi th  1.Sm and Inw CH4 respectively, ethane was no t  observed as a 

product although C02 was still formed. 

2-3% of t h e  C02 could have been e a s i l y  detected. 

experiments with this system we did not de t ec t  any new emissions and 

Ethane amounting t o  as l i t t l e  as 

I n  t h e  fluorescence 

observed only t h e  s t rong  OH enission. 

2.3.2 Discussion 

The most s i g n i f i c a n t  result of t h i s  series of experiments i s  t h e  

production of C02 a t  -195OC and at 25OC for t h e  m i x t u r e  CH4 + xH20. 

t h e  gas phase with)\) 1450 no C02 was observed when t h e  reactive spec ies  

were 3H and H. Therefore a t  h< USO, t h e  r eac t ion  must involve some combina- 

In 

t i o n  of CH H 0, OH, 0 and CH2 s ince  t h e s e  are available a t  t h i s  wavelength. 4' 2 

8 



There i s  no o the r  evidence of t h e  p o t e n t i a l  mechanism s ince  intermediates 

such as HCHO o r  CO have not been detected. Since t h e  r e a c t i o n  occurs a t  

-195OC it i s  necessary t h a t  t h e  r eac t ion  have an a c t i v a t i o n  energy less 

than 5 kcal. 

Whatever t h e  r eac t ion  involved, it is  evident t h a t  both C02 and 

C2H6 are formed i n  competitive reac t ions  poss ib ly  involving t h e  methylene 

rad ica l .  

gas phase since a r a t i o  of 6 ~ ~ 0  t o  lCH4 is required t o  form equal amounts 

of C02 and C2Q. 

favorable  as compared t o  C02 formation s i n c e  a r a t i o  of 18 H20 t o  1 CH4 

i s  requi red  t o  form equal amounts of C02 and C&. 

of t h e  complexity of t h e  r eac t ion  leading t o  C02 s ince  a more complex 

mode of r eac t ion  may be expected t o  be more effected by change of phase 

Formation of C& i s  evident ly  favored over C02 formation i n  t h e  

I n  t h e  s o l i d  phase, formation of C2Q is  even more 

This may be a measure 

than a simple one step process. 

3. E Z X T R O N  BOMBARDMENT OF LOW "PERATURE SOLIDS 

3.1 In t roduct ion  

To eva lua te  t h e  r o l e  of cosmic rad ia t ion ,  i.e., chemical 

reac t ions ,  production of ac t ive  species, etc.,  i n  cometary phenomena, t h e  

e f f e c t  of charged p a r t i c l e s  (e lec t rons  o r  protons) on low temperature 

s o l i d s  (H20, CH4, "3, etc.) is  of i n t e r e s t .  

Ekperiments have continued with H20 a t  -195OC and i n i t i a l  
0 

experiments have been ca r r i ed  o u t  f o r  

3.2 Results 

CH 6 H  0 system at  -195 C. I r 2  

Half l i f e  measurements of 200 msec have been made f o r  H20 a t  

-195OC using t h e  experimental system described i n  t h e  las t  qua r t e r ly  report .  

9 



I 
I 
I 
I 

I1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

T h i s  va lue  was obtained by a photographic recording of t h e  photometer 

output displayed on a scope. 

up t o  twice t h e  half l i f e  and was  found t o  be logarithmic within t h i s  

i n t e r v a l  , 

The decay of t h e  emission could be followed 

Preliminary q e r i m e n ' t s  have been car r ied  out f o r  chemical 

r eac t ions  induced i n  the C H ~ * ~ H ~ O  system 3 by bombarding with 5 Kev 

electrons.  Analysis of t h e  products has not been completed but p o s i t i v e  

i d e n t i f i c a t i o n  has been made f o r  GO2 and C2%, very good evidence exists 

for t h e  production of CH COCH3 and o the r  poss ib l e  compounds are C2H2 and 

'2*4 e 

3 

Experiments were ca r r i ed  out  from 15 minutes t o  2 hours, 

runs have shown t h a t  15 minutes i s  s u f f i c i e n t  t o  obta in  measurable 

products with pulsed beam i n t e n s i t i e s  of 6.6 x do electrons/sec/cm2 of 

1 msec duration. 

3.3 Discussion 

These 

These experiments have shown t h a t  new compounds can be produced 

from t h e  C H ~ * ~ H ~ O  system under e lec t ron  bombardment. 

w a s  found t o  be 0.7 and accounted f o r  80% of t h e  products. 

ava i l ab le  f o r  t h e  production of CH3COCH3 a t  t h e  longer  bombardment experi- 

The C02/C& r a t i o  

Evidence i s  

I 

ments. 

n e c e s s a q  before  C2H2 and C2H4 can be i d e n t i f i e d  pos i t ive ly .  

Further ana lys i s  of t h e  mass s p e c t r a l  crfrcking p a t t e r n s  i s  
I 

The products normally'obtained from CHI rad ia t ion4  are He, C2H6, 4 
C3H89 C 4 H l o  and C2H4. No evidence f o r  production of C3H8 and CbHlo has 

been obtained i n  these  experiments. 

4. L. We Sieck and R. H. Johnsen, J. Phys. Chem. - 67, 2281 (1963). 

10 


